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DETAILED ACTION 
Election/Restrictions 

Applicant's election without traverse of Group I, Claims 1-8, 18-23, 30-35, 53, 54 
and 57 in the reply filed on 9/1 1/08 is acknowledged. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was l^nown or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

Claims 1, 2, 8, 18, 23 and 54 are rejected under 35 U.S.C. 102(a) as being 
unpatentable over Schuppich (7247276). Schuppich teaches a microreactor for capable 
obtaining hydrogen gas (col. 8, lines 10-11) comprising a metal substrate (col. 10, line 
53, nickel-copper alloy) having a microchannel portion on one surface thereof (Fig. 1 , 
1 ), a heater provided on the other surface of the metal substrate (col. 5, lines 57-58, 
fluid guidance plate can be cooled or heated on its rear side), via an insulating film (Fig. 
2, 23), a catalyst supported on said microchannel portion (col. 7, line 5-7, catalyst is 
applied by coating), and a cover member (Fig. 2, 12 and col. 3, line 53, top plate) 
having a feed material inlet (col. 5, lines 60-64) and a gas outlet (col. 5, line 64). 
Schuppich teaches that the cover member having a feed material inlet (Fig 3, inlet) and 
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a gas outlet (Fig. 3, outlet) are joined to the metal substrate so as to cover the 
microchannel portion. 

Regarding Claim 2, Schuppich teaches use of a nickel-copper alloy (col. 10, line 

53). 

Regarding Claim 8, please refer to the rejection for Claim 1 . 

Regarding Claim 18, Schuppich teaches a flow path (Fig. 1,1) and Schuppich 
teaches that the catalyst is supported on the whole inner surface of the flow path (col. 7, 
line 5-7, catalyst is applied by coating). 

Regarding Claim 23, Schuppich teaches a metal substrate (col. 10, line 53) is 
provided with a heater on a surface opposite to the surface where said microchannels 
portion is formed (col. 5, lines 57-58, fluid guidance plate can be cooled or heated on its 
rear side), via an insulating film (Fig. 2, 23). 

Regarding Claim 54, please refer to the rejection for Claim 1 . 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or deschbed as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the phor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 3, 4 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Schuppich (7247276), as applied to Claim 1 , and further in view of Thies 
(6736983). Schuppich teaches a microreactor capable of obtaining hydrogen gas (col. 
8, lines 10-11) comprising a metal substrate (col. 10, line 53, nickel-copper alloy) having 
a microchannel portion on one surface thereof (Fig. 1 , 1), a heater provided on the other 
surface of the metal substrate (col. 5, lines 57-58, fluid guidance plate can be cooled or 
heated on its rear side), via an insulating film (Fig. 2, 23), a catalyst supported on said 
microchannel portion (col. 7, line 5-7, catalyst is applied by coating), and a cover 
member (Fig. 2, 12 and col. 3, line 53, top plate) having a feed material inlet (col. 5, 
lines 60-64) and a gas outlet (col. 5, line 64). Schuppich teaches that the cover 
member having a feed material inlet (Fig 3, inlet) and a gas outlet (Fig. 3, outlet) are 
joined to the metal substrate so as to cover the microchannel portion. Schuppich does 
not teach that the insulating film is a metal oxide film formed by anodically oxidizing said 
metal substrate or the use of an Aluminum substrate however. Schuppich teaches use 
of a nickel copper alloy (col. 10, line 53). Thies teaches a microreactor for obtaining 
hydrogen gas (col. 1, line 8) characterized by comprising a metal substrate (col. 2, lines 
5-6, steel plates, col. 3, line 7 and col. 3, lines 20-22 metal substrate layers) and having 
a microchannel portion on one surface thereon (Fig. 1, b, b', c and c'). The reference 
discloses that a catalyst can be placed on the microchannel portion of the substrate 
(col. 7, line 12 and col. 7, line 24). Thies discloses a cover member (Fig. 4, a, c, layer 2 
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and col. 6, line 46-49). Furthermore, Thies teaches that steel, copper or aluminum can 
be used as a substrate (metal layer, col. 6, line 21 or col. 6, line 21 or 37). Thies also 
teaches the formation of a metal oxide layer by anodically oxidizing the metal substrate 
(col. 7, lines 18-20, where the substrate is aluminum and the aluminum is oxidized with 
an acid). It would have been obvious to one of ordinary skill in the art at the time of the 
invention to apply the aluminum substrate, as taught by Thies, to the microreactor, as 
taught by Schuppich because to substitute one known element with high thermal 
conductivity for another known element with high thermal conductivity used to perform 
the same function of conducting heat would yield predictable results and therefore be 
obvious. Furthermore, it would have been obvious to one of ordinary skill in the art at 
the time of the invention to oxidize the substrate, as taught by Thies, with the 
microcreator, as taught by Schuppich because oxide layers can carry catalysts and 
facilitate a composition's reaction with such catalyst. 

With Regard to Claim 4, Thies teaches that the metal oxide film is provided in 
said microchannel portion (col. 7, lines 17-27). 

Claims 1, 2, 3, 4, 5, 6, 7, 8, 18, 23, 30, 31, 33, 34, 35, 53, 54 and 57 are rejected 
under 35 U.S.C. 103(a) as being unpatentable over Kearl (6828055) and further in view 
of Bae (2002/0169077). Kearl teaches a microreactor that generates hydrogen gas (col. 
8, lines 5-6 and 17, catalyst can be used to accelerate the conversion of hydrocarbons 
and alcohols to hydrogen), comprising a metal substrate (col. 7, lines 34-35, coated with 
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a precious metal), liaving a microchannel portion on one surface thereof (Fig. 1), a 
heater provided on the other surface of said metal substrate (Fig. 2B, 30 and 32 anode 
and cathode, which generate heat Fig. 2B, 24 and 26 are under substrate and claim 1 1 , 
second face adopted to contact a cathode of a second fuel cell and Claim 16, resistive 
element adopted to heat the substrate, Fig. 2B, 14, microchannel, 16, back of substrate 
col. 12, lines 17-18, Fig. 28, 30 and 32 are electrodes that heat substrate). Between 
the metal substrate and the heater (electrode) is a thin film insulating layer (col. 10, line 
30, resistive element that may be a thin film resistive element), a catalyst supported on 
said micrchannel portion (col. 9, lines 55-56, catalyst is coated in microchannels. Fig. 7, 
5 and Fig. 12, 50), a cover member joined to said metal substrate so as to cover said 
microchannel portion (Fig. 2A, microchannels layered on top of one another so that the 
backs of each microchannel is the cover member and Fig. 2A, 66 is another cover 
member). Finally, Kearl teaches an inlet and an outlet (Fig. 8, Fig. 7, 46, 50) which are 
both capable of supplying feed material in and gas out. Kearl does not teach forming a 
metal oxide film on an inner wall surface of said flow path however. Bae teaches a 
microreactor that has microchannels and a catalyst layer. Bae further discloses forming 
a metal oxide film on an inner wall surface of said flow path (para. 0032, use of an 
oxidizable metal substrate such as nickel, copper, iron or cobalt, with an oxide ion 
conductor). It would have been obvious to one of ordinary skill in the art at the time of 
the invention to use a metal substrate, as taught by Bae, to the microreactor, as taught 
by Kearl because copper has a higher thermal conductivity than platinum.^ Therefore, it 

^ Sanchez (2008/0142036), paragraph 0055. 
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would take less heat and energy for the substrate to conduct copper is much more 
inexpensive than platinum. With regard to the substrate being oxidized, it is known that 
a metal substrate in a fuel cell is prone to oxidation over time and heat, and therefore it 
is also inherent that the substrate would be oxidized. 

Regarding Claim 2, Kearl teaches use of an aluminum substrate or stainless 
steel (col. 12, lines 24-27) 

Regarding Claim 3, Kearl teaches a metal oxide film (col. 8, line 24 and col. 10, 
lines 45-50), but does not teach that the metal oxide film is formed by anodically 
oxidizing the metal substrate. Bae teaches use of an oxidizable metal substrate 
(copper, nickel, iron or cobalt, para. 0032) that sits on an oxide ion conductor. It would 
have been obvious to one of ordinary skill in the art at the time of the invention to use a 
metal substrate, as taught by Bae, to the microreactor, as taught by Kearl because 
copper has a higher thermal conductivity than platinum.^ Therefore, it would take less 
heat and energy for the substrate to conduct and copper is much more inexpensive than 
platinum. Furthermore, it would have been obvious to one of ordinary skill in the art at 
the time of the invention to have oxidized the substrates since oxide layers increase the 
hydrogen production of the channel (Bae, para. 0032, H2 yeld ranges from 34-60% 
when using the oxide layers, to 30% when using just a catalyst). 



^ Sanchez (2008/0142036), paragraph 0055. 
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Regarding Claim 4, a metal oxide film is also provided in said microchannel 
portion (col. 8, lines 1-7 and col. 8, line 24, zinc oxide). 

Regarding Claim 5, Kearl teaches aluminum (col. 12, lines 24-27). 

Regarding Claim 6, Kearl teaches use of a membrane in between the substrate 
and the heater so as to cover said heater (col. 10, lines 30-31, resistive element which 
covers said heater, while exposing portions of the electrode). Kearl does not 
specifically teach that only the electrodes are exposed, however, it would have been 
obvious to one of ordinary skill in the art at the time of the invention that exposure of the 
electrodes would reduce gas or water build up outside the fluid channels of the reactor. 

Regarding Claim 7, please refer to the rejection for Claim 1 above. 

Regarding Claim 8, please refer to the rejection for Claim 1 above. 

Regarding Claim 18, please refer to the rejection for Claim 1 above. 

Regarding Claim 23, Kearl teaches that between the metal substrate and the 
heater (electrode) is a thin film insulating layer (col. 10, line 30, resistive element that 
may be a thin film resistive element). 
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Regarding Claim 30, Kearl teaches a surface processing step of forming a metal 
oxide film on an inner wall surface of said flow path (col. 12, lines 51-57) and a catalyst 
applying step of applying a catalyst to the inner wall surface of said flow path via said 
metal oxide film (col. 12, lines 39-46, nickel is a catalyst in col. 8, line 20). 

Regarding Claim 31 , please refer to the rejection for Claim 30 above. 

Regarding Claim 33, Kearl teaches that the microchannels are U-shaped or 
semi-circular (Fig. 8). 

Regarding Claim 34, Kearl teaches coating the metal substrate with a catalyst 
using different methods such as spin coating, dip coating or dry film laminating (col. 12, 
line 57), but does not specifically teach that the catalyst is dried in the microchannels. 
Bae teaches a microchannel with flow channels (para. 0005), where the slurry of 
catalyst is allowed to dry on the susbstrate (para. 0012, para. 0026 using the tape 
casting method and para. 0027). 

Regarding Claim 35, Kearl teaches that catalyst can be applied using spin 
casting (para. 0012). Bae further teaches that the catalyst can be applied using spin 
coating (col. 12, line 57). 
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Regarding Claim 53, please refer to the rejection for Claim 30 above. 

Regarding Claim 54, please refer to the rejection for Claim 30 above. 
Regarding Claim 57, please refer to the rejection for Claim 30 above. 

Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over as being 
unpatentable over Kearl (6828055) and Bae (2002/0169077) as applied to Claim 30, 
and further in view of Lambert (5139648). Kearl and Bae both teach a microreactor 
that generates hydrogen gas (col. 8, lines 5-6 and 17, catalyst can be used to 
accelerate the conversion of hydrocarbons and alcohols to hydrogen), comprising a 
metal substrate (col. 7, lines 34-35, coated with a precious metal), having a 
microchannel portion on one surface thereof (Fig. 1), a heater provided on the other 
surface of said metal substrate (Fig. 2B, 30 and 32 anode and cathode, which generate 
heat Fig. 2B, 24 and 26 are under substrate and claim 1 1 ), but do not teach use of 
boehmite. Kearl does disclose a surface processing step of forming a metal oxide film 
on an inner wall surface of said flow path (col. 1 2, lines 51 -57) and a catalyst applying 
step of applying a catalyst to the inner wall surface of said flow path via said metal oxide 
film (col. 12, lines 39-46, nickel is a catalyst in col. 8, line 20). Moreover, Bae teaches 
use of alumina (para. 0032, or aluminum oxide). Boehmite is aluminum oxide 
hydroxide, or AIO(OH). Lambert teaches that boehmite can be used instead of alumina 
(para. 0081 ). It would have been obvious to one of ordinary skill in the art at the time of 
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the invention to use boehmlte, as taught by Lambert, with the microreactor, as taught by 
Kearl and Bae because Lambert teaches that boehmite could be used instead of 
aluminum oxide and that they are potential substitutes of one another. It would further 
have been obvious to one of ordinary skill in the art at the time of the invention that the 
alumina would likely become further oxidized under the heated conditions of the 
microreactor, hydrogen gas being generated and oxygen ions, so that a hydroxyl group 
would be added to the oxidized alumina. 

Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over as being 
unpatentable over Kearl (6828055) and Bae (2002/0169077) as applied to Claim 30, 
and further in view of Wang (2003/01 16503). Kearl and Bae both teach a microreactor 
that generates hydrogen gas (col. 8, lines 5-6 and 17, catalyst can be used to 
accelerate the conversion of hydrocarbons and alcohols to hydrogen), comprising a 
metal substrate (col. 7, lines 34-35, coated with a precious metal), having a 
microchannel portion on one surface thereof (Fig. 1 ), a heater provided on the other 
surface of said metal substrate (Fig. 2B, 30 and 32 anode and cathode, which generate 
heat Fig. 2B, 24 and 26 are under substrate and claim 11), but do not teach use of 
boehmite. Wang teaches a microreactor with channels, a metal substrate and a 
catalyst. Wang further teaches the use of alumina/alumina oxide layer (para. 0046, and 
0041). Wang does not specifically teach use of boehmite, however, it would have been 
obvious to one of ordinary skill in the art at the time of the invention that oxidation of the 
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alumina catalyst in addition to heat, hydrogen and oxygen in the system would result in 
further oxidation of the alumina, resulting in boehmite. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SHENG HAN whose telephone number is (571)270- 
5823. The examiner can normally be reached on Monday-Thursday, 7:30-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Jennifer McNeil can be reached on 571 272-1540. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Sheng Han 
Examiner 
Art Unit 4162 

SH 

/Jennifer McNeil/ 

Supervisory Patent Examiner, Art Unit 4162 



